Bohn, Brent

From: Khan, Elaine@OEHHA <Elaine.Khan@oehha.ca.gov>
Sent: Wednesday, February 05, 2014 6:03 PM

To: Gibbons, Catherine; Sasso, Alan

Subject: RE: Cr6 PBPK Model

Thanks, Catherine! No rush on the meeting — Patty (our PBPK guru-in-training) will be busy wrapping up a project over
the next 3 weeks or so. If your schedule looks flexible in March, we can shoot for some time then. Just let me know.
Thanks!

Elaine

From: Gibbons, Catherine [mailto:Gibbons.Catherine@epa.gov]
Sent: Wednesday, February 05, 2014 10:22 AM

To: Khan, Elaine@OEHHA; Sasso, Alan

Subject: RE: Cr6 PBPK Model

Hi Elaine!

I'was just checking my phone messages and heard your message from a few weeks ago—1've been out of town a lot
recently—but | never received a signal that | had a message, | apologize for the delay! But I’'m glad you wrote.

Alan and | would be happy to set up a time for a call. I'll discuss possible times/days with Alan and get back to you as
quickly as possible.

Thanks so much!

Catherine

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan @oehha.ca.gov]
Sent: Tuesday, February 04, 2014 3:10 PM

To: Sasso, Alan; Gibbons, Catherine

Subject: RE: Cr6 PBPK Model

Hi, Alan.

Yes, Mark was referring to your presentation at SRA in Baltimore. Thank you for sending your talk and abstract to us. |
will only share this internally with my staff and executive office as needed (it will not be cited). | look forward to having a
discussion with you and Catherine soon.

Elaine

From: Sasso, Alan [mailto:Sasso.Alan @epa.gov]
Sent: Tuesday, February 04, 2014 11:08 AM
To: Khan, Elaine@OEHHA; Gibbons, Catherine
Subject: RE: Cr6 PBPK Model

HI Elaine,



one soon.

Mark was probably referring to the talk | gave at the Society for Risk Analysis conference. | have attached that talk, along
with the abstract for a poster | plan on presenting at the Society of Toxicology meeting in March.

The material has not yet been peer reviewed, so please do not distribute or cite the materials.
Thanks and take care,

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development

National Center for Environmental Assessment
U.S. Environmental Protection Agency
(703)-347-0179

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan@oehha.ca.gov]
Sent: Tuesday, February 04, 2014 1:14 PM

To: Gibbons, Catherine; Sasso, Alan

Subject: Cr6 PBPK Model

Hi, Catherine and Alan.

I'hope your year has gotten off to a good start so far! I've been keeping in touch with Mark Harris (ToxStrategies)
regarding their Cr6 studies and he informed me that they provided you with additional PBPK information, which you
used to build your own model. | was wondering if we could set up a conference call sometime soon to touch base on the
Cré assessment. We're very interested in seeing how your PBPK model differs from theirs. Please let me know when it
would be convenient for us to have a meeting. Thanks!

Elaine

Elaine M. Khan, Ph.D., Chief

Water Toxicology Section

Office of Environmental Health Hazard Assessment
California Environmental Protection Agency
MS-12B

P.O. Box 4010

1001 I Street

Sacramento, CA 95812

Tel: (916) 324-1277

Fax: (916) 327-7320

Email: elaine.khan@oehha.ca.gov




Please note: OEHHA is subject to the California Public Records Act. E-mail communications with OEHHA staff
are not confidential and may be produced to members of the public upon request.
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From: Khan, Elaine@OEHHA <Elaine.Khan@oehha.ca.gov>
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Hi, Alan.
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From: Sasso, Alan [mailto:Sasso.AIan@epa.gov]
Sent: Tuesday, February 04, 2014 11:08 AM
To: Khan, Elaine@OEHHA; Gibbons, Catherine
Subject: RE: Cr6 PBPK Model

Hl Elaine,

one soon.

Mark was probably referring to the talk | gave at the Society for Risk Analysis conference. | have attached that talk, along
with the abstract for a poster I plan on presenting at the Society of Toxicology meeting in March.

The material has not yet been peer reviewed, so please do not distribute or cite the materials.
Thanks and take care,

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development

National Center for Environmental Assessment
U.S. Environmental Protection Agency
(703)-347-0179

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan@oehha.ca.gov]
Sent: Tuesday, February 04, 2014 1:14 PM

To: Gibbons, Catherine; Sasso, Alan

Subject: Cr6 PBPK Model




Hi, Catherine and Alan.

I hope your year has gotten off to a good start so far! I've been keeping in touch with Mark Harris (ToxStrategies)
regarding their Cr6 studies and he informed me that they provided you with additional PBPK information, which you
used to build your own model. | was wondering if we could set up a conference call sometime soon to touch base on the
Cr6 assessment. We're very interested in seeing how your PBPK model differs from theirs. Please let me know when it
would be convenient for us to have a meeting. Thanks!

Elaine

Elaine M. Khan, Ph.D., Chief

Water Toxicology Section

Office of Environmental Health Hazard Assessment
California Environmental Protection Agency
MS-12B

P.O. Box 4010

1001 | Street

Sacramento, CA 95812

Tel: (916) 324-1277

Fax: (916) 327-7320
Email: elaine.khan@oehha.ca.gov

Please note: OEHHA is subject to the California Public Records Act. E-mail communications with OEHHA staff
are not confidential and may be produced to members of the public upon request.



Bohn, Brent

From: Sasso, Alan

Sent: Tuesday, February 04, 2014 2:08 PM

To: Elaine.Khan@oehha.ca.gov; Gibbons, Catherine

Subject: RE: Cr6é PBPK Model

Attachments: Sasso_SRA2013-Cr6.pdf: Sasso-SOT-Cr6-abstract2014. pdf
HI Elaine,

A conference call would be great. When Catherine comes back to the office later this week, we’ll be able to schedule
one soon.

Mark was probably referring to the talk | gave at the Society for Risk Analysis conference. | have attached that talk, along
with the abstract for a poster | plan on presenting at the Society of Toxicology meeting in March.

The material has not yet been peer reviewed, so please do not distribute or cite the materials.
Thanks and take care,

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development

National Center for Environmental Assessment
U.S. Environmental Protection Agency
(703)-347-0179

From: Khan, Elaine@OEHHA [mailto:EIaine.Khan@oehha.ca.gov]
Sent: Tuesday, February 04, 2014 1:14 PM

To: Gibbons, Catherine; Sasso, Alan

Subject: Cr6 PBPK Model

Hi, Catherine and Alan.

I'hope your year has gotten off to a good start so far! I've been keeping in touch with Mark Harris (ToxStrategies)
regarding their Cr6 studies and he informed me that they provided you with additional PBPK information, which you
used to build your own model. | was wondering if we could set up a conference call sometime soon to touch base on the
Cr6 assessment. We're very interested in seeing how your PBPK model differs from theirs. Please let me know when it
would be convenient for us to have a meeting. Thanks!

Elaine

Elaine M. Khan, Ph.D., Chief
Water Toxicology Section
Office of Environmental Health Hazard Assessment



California Environmental Protection Agency
MS-12B

P.O. Box 4010

1001 | Street

Sacramento, CA 95812

Tel: (916) 324-1277

Fax: (916) 327-7320

Email: elaine.khan@oehha.ca.gov

Please note: OEHHA is subject to the California Public Records Act. E-mail communications with OEHHA staff
are not confidential and may be produced to members of the public upon request.
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SEPA DO NOT CITE OR DISTRIBUTE

Overview

- Integrated Risk Information System (IRIS) background
» Hexavalent chromium toxicity and carcinogenicity

—Toxicokinetics in the gastrointestinal (Gl) tract
- Adaptation of toxicokinetic models

—Updated kinetic model for Gl metabolism
—Revisions to whole-body model assumptions

» Application to National Toxicology Program data
- Remaining issues, Q&A
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vironmental Protection

IRIS Program

* IRIS assessments critically review publicly available

studies to:

—ldentify adverse health effects
—Derive toxicity values

EXPOSURE ASSESSMENT

How do people come in contact with
the agent?

How much are they exposed to?

RISK CHARACTERIZATION

Integrate HAZARD, DOSE-
RESPONSE, and
EXPOSURE




SEPA

United States

Environmental Protection

Agency

Research

Epi studies

Animal tox

studies

ADME

Methods

Exposure

=

Risk Assessment

Hazard
Identification

Dose
Response
Assessment

NR@@NQJeQEEn%sQ 'lﬁa-ﬂ&%—@%t paradigm

Risk Management

Risk
Characterization

Exposure
Assessment

Regulatory

Evaluate public
health, economic,
social, political
consequences of
options

Agency decisions
and actions

Adapted from the National Research Council risk assessment risk management paradigm (NRC 1983).
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- Cr(VI) has been detected in drinking water throughout US

—Cr(VI) detected above 0.03 ug/L in ~75% of total samples
(5260/6928)

—MRL:0.03 ppb; Most under ~5 ppb

» Source: US EPA Third Unregulated Contaminant Monitoring Rule
Occurrence data (as of October 2013)

- EPAis continuing to compile data from public water systems and this only
represents about 15 % of the data expected under the UCMR

» Cr(VI) reduces to trivalent chromium (Cr Ill) in biological fluids
—Cr(lll) is poorly absorbed by cells, has limited toxicity

—~Rodents chronically exposed to Cr(VI) via drinking water
show toxicity and carcinogenicity in the Gl tract
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“™  Female MICE exposed for 2 years to Cr(VI) in drinking water

100% — —
[ Histiocytic cellular infiltration
ek ;DUOdenum _ 1 O Epithelium hyperplasia
ki | M adenoma-+carcinoma
40%
= N~50/group
20% H |
Control 5mg/L 20 mg/L 60 mg/L 180 mgiL Distal from
100% - portal of entry
(mouth)
80% -
60% - Jejunum
40% -
20% - No incidence in ileum
| TR - Similar results in male mice

Control 5mg/L 20 mg/L 60 mg/L 180 mg/L
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United States
Environmental Protection

RATS exposed for 2 years to Cr(VI) in drinking water

100%
o Wsquamouscell  Orgl mucosa
80% © carcinoma (F)
60% - = squamous cell N~50/group
409 . carcinoma (M)
20% - |
Distal from
0% , , - ,
Control 5mg/lL 20mg/L 60mg/L 180 mgiL portal of
Lo entry
80% - Duodenum (mouth)

60% - OHistiocytic cellular
infiltration (F)

40% - o _
- " Histiocytic cellular
20% - infiltration (M)

s |

Control 5mg/L 20 mg/L 60 mg/L 180 mg/L

No tumors, no distal
effects further along
Gl tract
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@ Evidence In humans is limited

gency

* Zhang & Li (1987) and reanalysis (Beaumont et al., 2008)

—Population in China chronically exposed to drinking water heavily
contaminated with Cr(VI)

—Currently the only study indicating elevated risk of stomach cancer in
humans

* IARC determined this single study was insufficient to
constitute evidence of an association between oral
exposure to Cr(VI) and stomach cancer

—International Agency for Research on Cancer (2012). IARC

Monographs: A review of human carcinogens: Arsenic, metals, fibres,
and dusts.
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United States
Environmental Protection
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Physiologically-based
pharmacokinetic (PBPK) modeling

- Modeling tools that can help explain similarities
and differences in response between species

- Can be used to extrapolate animal results to
humans

- Can aid in modeling Cr(VI) reduction in vivo
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| Measurement complexities

» Only possible to analytically measure total chromium in vivo
—Total chromium = Cr(VI) + Cr(lll)

» Oral ingestion of Cr(VI) leads to absorption of a Cr(VI)/Cr(lll)
mixture due to reduction

—Difficult to know which form passes through the intestine

—High red blood cell (RBC) to plasma ratios may indicate

Cr(VI) uptake: RBCs rapidly absorb and reduce Cr(VI),
“trapping” Cr(lll)

» Dietary exposure to Cr(lll) occurs in all species
L



Com p&Ré“QIn%HErQ ﬁe@t’ﬁﬁ@@ dhG uptake

Cr6>Cr3 Portal blood

ICr diffusion I

toxicity Intestinal Cr6->Cr3 Epithelium
epithelium
Cr6, Cr3 Secretion of enzymes,
absorption other molecules
Oral | ’ v Intestinal lumen Cré Cr3 _ =
Cré/Cr3 (proximal) ttanst > Distal lumen  —3 |
Food Cr6->Cr3
Dietary__ metabolism >
loss? contents

- Higher total chromium in body following Cr(VI) exposure,
compared to Cr(Ill) exposure (NTP, 2008, 2010)

- Tissue chromium concentrations decrease distally
(Kirman et al., 2012): duodenum > jejunum >
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» O'Flaherty (1996) PBPK model in rats

—Calibrated to data from intravenous, gavage, inhalation,
and drinking water (pre-1985 data)

—Insufficient model for Gl tract kinetics
—Incorporated background Cr(lll) exposure

- Kirman et al. (2012) PBPK model in rats and mice

—Calibrated with new data, but drinking water studies only
—Complex model for Gl kinetics

—Neglected background Cr(Ill) (subtracted concentrations
of control from the exposure data)

- This work attempts to reconcile differences and

incorporate best science from both models
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Revision of Gl kinetics

- Original assumption: One lumped component of the
gastric juice is capable of reducing Cr(VI) to Cr(lll)

—Once this reducing agent is depleted (i.e., at high
Cr(VI) levels) no more reduction can occur

- Alternative assumption: Two or three reducing
agents exist in the gastric juice, each with different
Kinetic rates and capacities to reduce Cr(VI)

» These assumptions have implications when
interpreting toxicological data

—How much un-reduced Cr(VI) gets into the body?
—What are the species differences?
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» Adapted from the model by T e
Kirman et al. (2012) T l T
- Revised Gl kinetic model e
- Simplified whole-body kinetics |
—More focus on Gl, and total Systemic RBCs
body burden F — |
- Attempt to fit intravenous,
gavage, and drinking water routes | PR VS v
with consistent parameters « A
—Incorporate background Cr(lll) FT *——ﬂmjt'”ﬂtpnjn'{‘@]‘
exposure in chronic studies I — 4____ ingestion
WS

Gli —» Gli+1
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100?

95 1
90 1

—— Model (all)

m 0.0010 mg/kg Cr3
= % 00015 mg/kg Cr3
801 ¢ 0.15mg/kg Cr3
751
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65 -
60 1
55 1
50 1
451
401
35
30+
254
20
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10
5
0

Body Burden (% of dose)

0 10 20 30 40 50 60 70
Time (days)

Parameters for long-term retention and urinary elimination were fit to
data by Mertz et al. (1965) (above) and Sayato et al. (1980)
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Data also adequately fit to:

- Kargacin et al. (1993) chronic drinking water data in rats
and mice (liver, blood, lumped systemic tissues)

Additional modeling revisions:

- Added uptake of Cr(lll) into Gl tissues via plasma perfusion
* Most parameters are identical for both rats and mice
- All parameters are the same for all data sets

- With exception of Gl absorption, which is expected to
vary with formulation and study
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» Drinking water rate (thus mg/kg-d) and body weight
functions incorporated into model

- High dose groups had different BW curve (not shown)
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A RIS

» Uncertainties that go beyond idealized Gl kinetics
—Time variation in GI motility and secretions
—Inter-individual variability in Gl transporters for Cr(VI)
—Variation of transporters along Gl tract
—Variation in diet and nutrition
—Age susceptibilities
—What about sites upstream of stomach?

- Oral cavity, tongue, esophagus
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- Best internal dose-metric for Gl tract toxicity?
—Amount of Cr(VI) absorbed
—Amount of Cr(VI) escaping reduction in the stomach
—Concentration of Cr(VI) in sensitive Gl compartments
—Rate of reduction (i.e., ROS generation) at sensitive sites

- Cr(V1) reduction webinar (Sep. 19 & 25 of this year)
—Talks and discussions from many perspectives
—Materials available at:

http:IIwww.epa.goinrislirisworkshopslcr6
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» A harmonized PBPK model was developed for rodents

—Adapted model by Kirman et al. (2012) to incorporate
revised Gl kinetics

—Incorporated some features of O’'F laherty (1996) model
—Model re-fit to data from additional routes of exposure
—A model for humans is also under development

* Model will aid the evaluation of dose-response data for
the IRIS Toxicological Review of Hexavalent Chromium

» Cr(VI1) reduction webinar (Sep. 19 & 25 of this year)

—Talks and discussions from many perspectives
—Materials available at:

http://www.epa.govliris/irisworkshops/cré



